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Abstract 
 
This paper aims to estimate the impact of research collaboration with partners in 
different geographical areas on innovative performance. By using the Spanish 
Technological Innovation Panel, this study provides evidence that the benefits of 
research collaboration differ across different dimensions of the geography. We find that 
the impact of extra-European cooperation on innovation performance is larger than 
that of national and European cooperation, indicating that firms tend to benefit more 
from interaction with international partners as a way to access new technologies or 
specialized and novel knowledge that they are unable to find locally. We also find 
evidence of the positive role played by absorptive capacity, concluding that it implies a 
higher premium on the innovation returns to cooperation in the international case and 
mainly in the European one.  
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1. Introduction 
 
Knowledge diffusion between individuals and firms is critical for innovation and 
growth (Grossman and Helpman 1991; Lucas 1988; Romer 1986, 1990). Firms need to 
innovate continuously and rapidly to survive in today’s competitive and global markets, 
thus the diffusion of new knowledge is of utmost importance. Knowledge is known to 
diffuse through a variety of mechanisms (Döring and Schnellenbach 2006), among 
which networks of research collaboration are considered pivotal. The literature on 
collaborative research networks, and their impact on knowledge diffusion and 
innovation and consequently on growth, has expanded greatly in recent years (see 
special issues by Autant-Bernard et al. in Papers in Regional Science, 2007; and by 
Bergman in The Annals of Regional Science, 2009).  
 
This growing need for enhanced innovation capability through the use of new 
knowledge produced elsewhere is leading firms to expand technology interaction with 
different and increasingly geographically dispersed actors. Indeed, collaborative 
research with a broader range of external partners may enable innovating firms to 
acquire required information from a variety of sources which could lead to more 
synergies and intake of complementary knowledge, thus promoting innovation 
performance (Belderbos et al. 2006; Laursen and Salter 2006; Nieto and Santamaría 
2007; van Beers and Zand 2014).  
 
The present paper contributes to this literature. In particular, we focus on the 
geographical scope of research alliances and study their differentiated impact on 
innovation performance. A priori, R&D collaboration with partners abroad provides 
access to unique resources of foreign partners, which can produce complementary 
knowledge that may be in short supply in the firm’s home country. This is because 
partners abroad are embedded in different national innovation systems than partners in 
the domestic market (Miotti and Sachwald 2003; Lavie and Miller 2008; van Beers and 
Zand 2014). Therefore, we expect collaborative research with partners from abroad to 
have higher impact on the firm’s innovative performance than national research 
collaborations. In addition, the underlying logic would state that when the external 
knowledge is similar to existing competences in the country, it can be absorbed easily, 
but will not add much to the existing local knowledge (Boschma and Iammarino 2009). 
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In sum, distant knowledge sources should allow individuals in innovative firms to make 
novel associations and linkages which increase their innovativeness.  
 
Despite the extensive literature on the relationship between collaborative research and 
innovation performance, little attention has been placed on the impact that the 
geographical scope of such research alliances may have on innovation performance. 
There are some papers with national studies on the differences between national and 
international research alliances with respect to the impact on innovation output (Miotti 
and Sachwald 2003; Cincera et al. 2003; Lööf 2009; Arvanitis and Bolli 2013) which 
tend to conclude that innovation performance is positively and significantly influenced 
by international R&D cooperation, but remains unaffected or less affected by national 
cooperation. However, our study extends previous literature by disaggregating the 
geographical scope of the international alliances to explore the effect of collaborative 
research with partners in particular geographic areas. Specifically, for knowledge that 
comes from abroad, we differentiate among collaborations maintained with European 
partners and those further away (the US, China, India, or other countries). The latter are 
theorized to provide less redundant pieces of knowledge, which would allow enhancing 
creativity and innovation to a greater extent than in the intra-European case. Indeed, 
Miotti and Sachwald (2003) conclude that French firms resort to transatlantic R&D 
alliances in order to access specific and complementary R&D resources, whereas 
cooperation with European partners is mainly motivated by cost economising. This 
being true, it is sensible to think that both transoceanic and intra-European cooperation 
have a positive influence on the share of innovative products, although cooperation with 
transoceanic partners can have a higher influence whenever firms conduct research at 
the technological frontier. The reasoning is that this difference is due to the 
complementarity of the resources of extra-EU partners with those of European firms, 
making this type of cooperation more efficient in terms of innovation, especially for 
more radical innovation.  
 
The second issue in which this paper extends the existing empirical literature addresses 
the fact that firms can form alliances from several geographical areas at a time. Previous 
literature has focused on the importance of diverse collaborative networks in terms of 
the type of partner –supplier, client, competitor, or research organisation– in achieving 
product innovations. In general terms, it is concluded that firms that obtain the greatest 
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positive impact maintain collaborative alliances with different types of partners. In other 
words, using a wide range of external actors helps the firm to achieve innovation since 
having a broader spectrum of experiences with diverse partners should allow for wider 
knowledge than collaboration with only one type of partner (Becker and Dietz 2004; 
Laursen and Salter 2006; Nieto and Santamaría 2007). We extend this reasoning to the 
geographical dimension. In principle, we hypothesize that collaborating with partners 
from diverse geographical areas should substantially boost innovation thanks to the 
amount and variety of knowledge that can be shared, allowing the alliance partners to 
fill out their initial resources and enabling the firm to make novel association and 
linkages. In contrast, additional alliances with the same partner may provide only 
redundant information and could result in inertia (Hoang and Rothaermel 2005), the 
same that additional alliances with partners in the same geographical area would imply 
information from the same regional or national innovation system. We can then argue 
that diverse geographical sources of knowledge provide opportunities for the firm to 
choose among different technological paths. Having a heterogeneous portfolio of 
partners enables access to diverse sources of information which facilitates firms to 
transfer and apply that knowledge. Thereby we will evaluate the impact of conducting 
research alliances with partners in at least two different geographical areas, which is 
assumed as providing greater diversity of the type of exchanged knowledge in the 
collaborative agreement. 
  
The third and main hypothesis of this paper states that firms’ absorptive capacity 
determines collaborative research returns to innovation. Innovation is an evolutionary 
and cumulative process. In consequence, only with the necessary capability to identify, 
assimilate, and develop useful external knowledge can the host firms and regions 
effectively benefit from incoming technology flows through research networks. As 
discussed by Cohen and Levinthal (1990), the differential impact of external incoming 
knowledge flows depends mainly on firms’ absorptive capacity. In the present inquiry, 
we argue that absorptive capacity is needed to understand and transform inflows of 
knowledge into innovation. Those firms with higher levels of absorptive capacity can 
manage external knowledge flows more efficiently, and therefore, stimulate innovative 
outcomes (Escribano et al. 2009). Thus, even firms exposed to the same amount of 
external knowledge –within a cluster, for instance– might not enjoy the same benefits, 
because of their different endowments of absorptive capacity (Giuliani and Bell 2005). 
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However, we plan to give a step forward and analyse if this absorptive capacity is 
equally important for national and international sources of external knowledge. A priori, 
investing in internal R&D activities and training employees add to the absorptive 
capacity of the firm and increase its ability to understand and assimilate any knowledge 
from external sources. However, when these sources originate in very distant 
geographical areas, with different economic and social backgrounds, absorptive 
capacity may play a higher role than in the case of external knowledge originated within 
the same region or economic area.  
 
We check the validity of these three hypotheses using data from the Spanish 
Technological Innovation Panel for the period 2004-2011, which contains detailed 
information on R&D and innovative behaviour of Spanish firms. Since innovation 
performance can only be observed for firms which report at least one innovation, the 
empirical strategy consists of a two-stage selection model, estimated using the 
Wooldridge’s (1995) consistent estimator for panel data with sample selection. The first 
equation is a selection equation indicating whether or not the firm was innovative. The 
second stage of the analysis captures the impact of research collaboration with different 
and diverse geographical areas on innovative performance, taking into account how this 
impact may vary according to the absorptive capacity of the firm. 
 
From a policy perspective, the results in this paper confirm that not only investments in 
R&D are important to generate innovations, but also the degree to which connectivity 
with the outside world, which gives access to global knowledge hotspots, is useful for 
innovation. Such connectivity, among other ideas, is at the core of the ‘smart 
specialisation’ strategy recently launched by the European Commission (McCann and 
Ortega-Argilés 2013). According to it, the “smart specialization strategy” should 
include an analysis of potential partners in other regions and avoid unnecessary 
duplication. It also needs to be based on a strong partnership between businesses, public 
entities and knowledge institutions (European Commission 2012). The empirical 
evidence presented in the present paper goes in this direction. However, the present 
paper also aims at showing to what extent the benefits of research collaboration are 
likely to differ across different geographic scales. Understanding such differentiated 
impact of research collaborations may help to identify the geographical areas from 
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which the highest benefits can be obtained; which is critical to effectively promote 
regional economic growth and cohesion. 
 
The outline of the paper is as follows. Section 2 offers the empirical model. The dataset, 
variables and a descriptive analysis are given in section 3 and section 4 provides the 
main results. Section 5 concludes.  
 
2. Empirical model 
 
We aim to estimate the impact of research collaboration with partners in different 
geographical areas on innovative performance. Since innovative performance can only 
be observed for firms that report at least one innovation, we follow a two-stage 
approach to address the potential selection bias on the estimation of the innovation 
performance equation. The first stage of our analysis consists of a binary selection 
model using all available observations and considering as dependent variable whether or 
not the firm was innovative (d). In the second stage, we estimate the innovation 
performance equation taking account of the selection process. In this second stage 
model, the dependent variable that proxies for innovative performance (y) is a measure 
of the shares of sales due to new or significantly improved products.  
 
The model has the following specification: 
 
݀௜௧ ൌ 1ሾݖ௜௧ߛ ൅  ߟ௜ ൅  ݑ௜௧ ൐ 0ሿ,    (1) 
 
ݕ௜௧ ൌ  ൜ ݔ௜௧ߚ ൅  ߙ௜ ൅  ߝ௜௧   if ݀௜௧ ൌ 1                0               if ݀௜௧ ൌ 0,    (2) 
 
where i = 1, …, N, t = 1, …, T, and 1[.] is an indicator function that takes on the value 1 
if the expression between square brackets is true and 0 otherwise. In addition, γ and β 
are unknown parameter vectors to be estimated; ݖ௜௧ and ݔ௜௧ are vectors of explanatory 
variables with possibly common elements. In equation (2) we assume that there are 
valid exclusion restrictions.  ߟ௜ and ߙ௜ are unobserved individual specific effects which 
may be correlated with ݖ௜௧ and ݔ௜௧, respectively; and ݑ௜௧ and ߝ௜௧ the idiosyncratic errors. 
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The innovation performance variable (ݕ௜௧) is only observable if the firm innovated 
(݀௜௧=1) and the parameter vector of interest to estimate is ߚ. 
 
We estimate the model using Wooldridge’s (1995) consistent estimator for panel data 
with sample selection. This method consistently estimates ߚ by first estimating a probit 
of ݀௜ on ݖ௜ for each t and then saving the inverse Mills ratio, ߣመ௜௧. Next, we estimate by 
pooled OLS the equation of interest augmented by the inverse Mills ratio using the 
selected sample. The resulting equation is (Wooldridge 2010):  
 
ݕ௜௧ ൌ  ݔ௜௧ߚ ൅  ݔ௜߰ ൅  ∑ ߩ௧ܦ௧ߣመ௜௧௧்ୀଵ ൅ ݁௜௧ for all ݀௜௧ ൌ 1    (3) 
 
where Dt is a time indicator variable and ݔ௜ represents a vector of means of the time-
variant regressors.1 
 
3. Dataset, variables and descriptive analysis 
 
3.1 Dataset 
 
The data come from the Spanish Technological Innovation Panel (PITEC) for the period 
2004-2011, an annual survey conducted by the Spanish National Statistics Institute 
(INE) in collaboration with the Spanish Foundation for Science and Technology 
(FECYT) and the Foundation for Technological Innovation (COTEC). The survey is 
constructed according to the same framework as the European Union Community 
Innovation Survey (CIS), which is based on the general guidelines set out in the Oslo 
Manual (OECD 2005). PITEC provides detailed information on innovation behaviour 
and firm characteristics over time and takes into account dynamic aspects of the 
innovation process. 
 
Our sample contains information on manufacturing and services firms with at least ten 
employees and positive sales. We use an unbalanced panel with 71,556 observations 
                                                 
1 We assume that the conditional mean of the individual effects are a linear projection on the within 
individual means of the time-variant regressors (Mundlak 1978; Nijman and Verbeek 1992; Zabel 1992; 
Wooldridge 1995). 
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which represent about 10,902 firms for the whole period.2 In order to minimise potential 
endogeneity problems, all the explanatory variables are lagged. This results in a dataset 
covering 10,012 firms and 70,182 observations. 
 
3.2 Variables  
 
Dependent variables 
The dependent variable in the first stage is binary, indicating whether the firm has been 
engaged in any innovation activity during the period t-2 and t. In the second stage, the 
measure of innovation performance, observed at period t, is defined as the share of sales 
due to new or significantly improved products. This is a quantitative measure of 
innovation performance often used in the literature and its logarithmic transformation  
benefits from being closer to a normal distribution and being symmetric3 (Klomp and 
van Leeuwen 2001; Mohnen et al. 2006; Raymond et al. 2010; Robin and Schubert 
2013; Barge-Gil 2013). 
 
Explanatory variables 
Based on previous literature, we explain the probability of being an innovator as a 
function of the firm size and its squared term (in order to take nonlinearities into 
account), market share, belonging to a group and industry dummies (Veugelers and 
Cassiman 1999; Vega-Jurado et al. 2009; Raymond et al. 2010). We also allow for 
factors perceived as barriers to innovation activities using four Likert-type constraint 
variables: cost obstacles, knowledge obstacles, market obstacles, and other obstacles 
(see Table A1 in the Appendix for a detailed description of these variables). These 
variables are available for both innovative and non-innovative firms. Since the 
innovation indicator refers to the period between t-2 and t, we defined these explanatory 
variables in t-2. The variables market share, belonging to a group, and the four variables 
related to the obstacles to innovation presented above are considered as exclusion 
restrictions for the second stage. They are considered in the selection model as a likely 
influence on the decision to carry out innovation activities, but not as determinants of 
innovation performance. 
                                                 
2 Further details of the PITEC survey can be found at the following link: 
http://icono.fecyt.es/PITEC/Paginas/por_que.aspx 
3 log[y/(1-y)] where the zero values are converted to 0.0001 and 100 per cent becomes 0.9999. 
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In the second stage, to evaluate the impact of the geographical scope of research 
alliances on innovation performance, we constructed different sets of dummy variables 
indicating the geographic location of the collaboration partner. First, we distinguish 
between firms that collaborated in R&D activities exclusively with national partners 
(National) and those exclusively with international partners (International). Then, with 
the aim of disentangling the differential impact of international alliances, we distinguish 
among research collaborations maintained exclusively with European partners 
(European) and exclusively with partners in other areas including the US, China and 
India (extra-European). Finally, we further divide the extra-European alliances category 
into two different variables, namely US alliances (US) and alliances with partners in 
Asia and elsewhere (Asian/Others). We use these mutually exclusive variables to avoid 
potential problems of multicollinearity and also to capture the impact of each 
partnership area more clearly by separating it from the effects attributable to other 
partnership areas. In all cases, for firms that collaborate with partners in at least two 
different geographical areas, we constructed the variable Multiple areas, which takes 
the value 1 in such cases, and 0 otherwise. 
 
The second independent variable of interest in our model is absorptive capacity. In this 
study we use the proportion of internal R&D expenditures over total sales as a proxy for 
a firm’s absorptive capacity. This measure is the most common proxy for absorptive 
capacity in the literature and accounts for the effort of a firm to build a stock of 
knowledge (Jones et al. 2001; Belderbos et al. 2004; Faems et al. 2005; Schoenmakers 
and Duysters 2006; Nieto and Santamaría 2007; Van Beers and Zand 2014). As 
discussed by Cohen and Levinthal (1989), the firm’s stock of knowledge may play a 
dual role. First, it enables creation and assimilation of new knowledge which can be 
used for the development of new or enhanced products, thereby exerting a direct 
influence on innovation performance. A positive impact of this variable is therefore 
expected. Second, knowledge plays a role as a means to enhance the firm’s ability to 
assimilate and exploit external sources of knowledge. Thus, those firms with greater 
R&D capacity have a developed technology base that allows them to manage external 
knowledge flows more efficiently, and therefore, stimulate innovative output (Escribano 
et al. 2009). In our paper, this applies to knowledge acquired through research 
collaborations with partners in different geographic locations; to evaluate this we 
11 
 
included a cross-product term between each collaboration variable and the proxy for 
absorptive capacity. 
 
Control variables in the second stage include a set of 2-digit industry dummies as well 
as several other variables often used in studies on the innovative performance of firms. 
Among them, firm size is measured by the logarithm of the number of firm employees 
and its squared term is also included in order to consider the existence of non-linearities 
in this relationship. The sign for the impact of firm size is not clear a priori. According 
to the Schumpeterian hypothesis (Schumpeter 1942) the size of the firm positively 
influences its innovative output. Large firms are more likely to have the necessary 
resources (infrastructure, financial resources, and production and marketing capabilities) 
to face the risks associated with innovation processes and hence, they are more likely 
than smaller firms to engage in innovative activities. While some empirical studies have 
supported the Schumpeterian hypothesis (Tsai 2009; Raymond et al. 2010), this is not 
always the case. A number of studies have found that small firms are more innovation-
intensive than larger firms. Among other reasons, this is due to a lower degree of 
rigidity when faced with innovations (Acs and Audretsch 1988; Lööf 2009; Arvanitis 
and Bolli 2013). 
 
A firm is considered a foreign-owned multinational if it has at least 50% of foreign 
capital and is headquartered outside Spain. Although the empirical evidence is not 
conclusive, previous studies suggest that the subsidiary of a foreign parent company 
may perform better in bringing new products to the market than a host company (Tsai 
2009). The idea is that foreign-owned firms have the advantage of accessing specific 
knowledge and resources of a group of firms and therefore can transfer technology at 
lower cost, which enables them to create new products and services in their host country 
more easily and enjoy a higher turnover from these innovations than a domestically 
owned firm (Reis 2001; Dachs et al. 2008; Díaz-Díaz 2008). In order to control for the 
experience and knowledge accumulated from past R&D, we also include a binary 
variable indicating whether the firm conducted internal R&D activities continuously 
(Permanent R&D), which is argued to have a positive influence on innovation output 
through learning effects (Aschhoff and Schmidt 2008; Raymond et al. 2010; van Beers 
and Zand 2014). It is assumed that a firm that conducts R&D regularly has greater 
potential for detecting ideas for new products.  
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Further, recent literature considers that firms can better achieve and sustain innovation 
by adopting a diverse set of sources of information that are available and thus can be a 
proxy for unintentional externalities or spillovers. According to Duysters and Lokshin 
(2011) a greater access to external search channels allows firms to broaden the pool of 
technological opportunities and to draw on ideas from multiple external sources which 
can lead to a higher innovation performance. To measure the openness degree of a firm 
to these sources of information we follow a method similar to that of Laursen and Salter 
(2006) and Robin and Schubert (2013). We use the eight main sources of information 
available in the survey, each coded as a binary variable which is equal to 1 if the source 
was used and 0 otherwise. We exclude internal sources within the firm and university or 
public research institutes sources because, as in Laursen and Salter (2006) and Robin 
and Schubert (2013), most firms report no usage of these sources. These eight indicators 
are summed to construct a measure of openness which varies from 0 (no external 
sources used) and 8 (all external sources used); a higher value indicates a greater 
openness of a firm to external sources of information for innovation. However, this does 
not necessarily imply any formal cooperation, which in our case is measured through 
another set of variables. Finally, we include a demand-pull variable in the model. 
Following Raymond et al. (2010), we proxy it with a dummy variable that takes value 1 
if at least one of the following objectives of innovation is scored as very important in 
the survey (where 1 is not used/not relevant  and  4 is very important on a Likert scale), 
and 0 otherwise: extend product range, increase market or market share, and improve 
quality in goods and services. Most empirical studies find that firms that devote more 
effort to increasing demand for their products, and therefore to market expansion get 
higher sales of innovative products (Belderbos et al. 2004; Lööf and Broström 2008; 
Raymond et al. 2010).  
 
Table A1 in the Appendix provides more details on the definitions of the variables that 
are used in this study. Table A2 shows the correlations between the explanatory 
variables of the model. We do not observe any indication of multicollinearity in our 
regressions even when the cross terms between the collaboration variables and 
absorptive capacity are considered.  
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3.3 Descriptive analysis  
 
Table 1 provides summary statistics for the dependent and explanatory variables used in 
the empirical analysis. Panel A offers figures only for innovate firms, while Panel B 
includes all firms in our sample, both innovative and non-innovative. We observe that 
76% of Spanish firms are innovative and their average share of innovative sales is 27%. 
Additionally, within the innovative firms, the average size is 317 employees (median 
size is 63 employees) and R&D expenditures over turnover represent about 7.3%. On 
average, nearly 11% of innovative firms are foreign multinationals, while over half of 
them are firms conducting internal R&D continuously.    
 
[Insert Table 1 around here] 
 
Table 2 displays the distribution of the types of alliance by geographical areas and their 
temporal pattern. This table reveals interesting results. About one-third of innovative 
firms maintained some type of research alliances, which although not negligible, 
implies that only a minority of firms engage in collaborative agreements as part of their 
innovative process. Concerning the geographical scope of such collaborative 
agreements, research alliances with local partners are much higher than with foreign 
partners. On average, more than 60% of collaborative firms maintain research alliances 
exclusively with national partners with a decreasing pattern from 2005. The national 
nature of the majority of technological partnerships is not exclusive to the Spanish case. 
Previous studies with similar figures include Miotti and Sachwald (2003) and Monjon 
and Waelbroeck (2003) for the French case, and van Beers and Zand (2014) for Dutch 
firms. The second most common type of alliance is that including both national and 
international partners which appears to be increasing over time, ranging from 27 to 
above 37 percent between 2005 and 2011. Within international alliances, research 
collaboration with European partners exclusively is the most common although with a 
slightly decreasing trend. Contrarily, the proportion of alliances with partners in more 
distant geographical areas tend to increase along the period, although are less frequent 
than European alliances. In particular, the share of collaborations with China, India, and 
others grew from 7.2% in 2005 to 12% in 2011. This is consistent with the idea that 
technological knowledge is becoming more and more dispersed over the world and 
firms are increasing their efforts to benefit from new hubs of knowledge such as the 
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ones in Asia (Duysters and Lokshin 2011). As stated by Bathelt el al. (2004) and Owen-
Smith and Powell (2004), firms in regions build ‘pipelines’ in the form of alliances to 
benefit from knowledge hotspots around the world. 
 
[Insert Table 2 around here] 
 
4. Results and discussion 
 
4.1 Innovation performance and the geographical scope of research alliances 
 
The first step in our empirical model is to estimate the selection equation (the 
propensity to innovate) for each year (see Table A3 in the Appendix for the results of 
these regressions). From the estimation of these probit models we obtain the correction 
terms (the inverse Mill’s ratio) which are included in the second stage, focused on the 
study of the impact of the geographical scope of research collaborations on the firms’ 
innovative performance. Here the correction terms are included to account for the 
selection bias caused by the fact that we only observe the sales share of innovative 
products for firms that innovate. Through all the results presented below we perform 
two Wald tests: one on the joint significance of the six selection effects involved 
(ܪ଴: ߩଶ଴଴଺ ൌ 0, … , ߩଶ଴ଵଵ ൌ 0) which can be interpreted as a test of selection bias; and 
the other for the joint significance of the coefficients on the within-individual means to 
check for the existence of correlated individual effects (ܪ଴: ߰ ൌ 0). As presented in 
Table 3, the values for these test statistics are significantly different from zero which 
points to the necessity of correcting for sample selection bias and suggesting the 
presence of correlated effects.  
 
[Insert Table 3 around here] 
 
Table 3 shows the results for different specifications of our main model of innovation 
performance. Column 1 contains the control variables plus our proxy of absorptive 
capacity. As we observe, R&D expenses exert a significant and positive impact on 
innovation performance, a finding in line with the absorptive capacity literature, where 
it is argued that R&D expenditures stimulate firm’s innovation output. Regarding the 
control variables, the results are robust through all our estimates. Our results indicate a 
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negative and non-linear relationship between firm size and innovation performance. 
This finding is in consonance with other studies where the intensity of innovation is 
negatively related to size; probably once the firm has decided to innovate, small firms 
tend to benefit more from their innovations and experience greater impact on their sales. 
This can also be explained because innovative sales increase with the firm’s size, that is, 
with additional employees, but less than the total sales of the firm (Lööf 2009; Vega-
Jurado et al. 2009; Robin and Schubert 2013; Arvanitis and Bolli 2013; Arvanitis et al. 
2013). Also, the variable capturing the experience and knowledge accumulated from 
past R&D (Permanent R&D) has the expected positive sign. Thus, firms that undertook 
R&D continuously reach a larger share of innovative sales through learning 
mechanisms. In line with previous studies, the degree of openness of the firm and the 
demand pull indicator are positively associated with the intensity of product innovation 
(Belderbos et al. 2004; Duysters and Lokshin 2011). In addition, we find that the 
variable capturing the foreign multinational nature of the firm is not significant, leading 
to the conclusion that foreign-owned firms are not necessarily different from their 
domestic counterparts when it comes to innovation output (in line with the results in 
Tsai 2009 and Arvanitis and Bolli 2013).  
 
Column 2 of Table 3 presents the results when the collaboration variables are included. 
In a first instance, we are interested in assessing the difference in the impact of research 
collaboration with partners located in the firm’s home country compared with partners 
abroad. As can be seen from Table 3, collaborations exclusively with national partners 
and those exclusively with international partners are found to be positive and 
statistically significant, pointing to a positive benefit from cooperation with external 
firms or institutions. Moreover, our results conclude that firms maintaining research 
collaborations with partners abroad increase the share of innovative sales more than 
those that collaborate only with partners located in the same geographical area. Indeed, 
we performed a Wald test for the equality of the coefficients to test if these effects are 
significantly different from each other. We reject the null hypothesis at a 5% 
significance level (߯ଶ ൌ5.90; p-val=0.015). This can be explained by the fact that 
collaboration with partners abroad can improve access to new or complementary 
technologies and resources that provide less redundant pieces of knowledge, which 
would allow enhancing innovation. This is also consistent with two theoretical 
expectations: first, partners abroad are embedded in different national innovation 
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systems than partners in the local market and therefore such international collaboration 
would allow firms to have access to complementary knowledge that is in short supply in 
their home region (Miotti and Sachwald 2003); second, a firm maintaining 
collaborations with partners in remote countries is probably exposed to the needs of 
characteristic foreign markets and may therefore extend the scope of its accessible 
knowledge base (Lavie and Miller 2008).  
 
We now disaggregate the variable of international research alliances to distinguish the 
differentiated impact of collaborations maintained with European partners, with which, 
a priori, not only geographical distance is smaller but also cognitive and technological 
distance, than with partners in more remote areas (US, China, India, or other countries). 
The results are reported in Column 3. We obtain that collaborations exclusively with 
European partners do not significantly promote innovation sales, whereas when such 
alliances are formed exclusively with partners in very distant areas, the impact on 
innovation performance is found to be highly significant. Two main explanations can be 
found for this difference. 
 
First, since technological specializations are closer between European countries than  
European countries and the US, cooperation with US partners follow more knowledge-
oriented motives, such as the utilization of technological synergies or access to 
specialized technologies where US firms tend to have strong competitive advantages. 
As Miotti and Sachwald (2003) obtain, French firms seek transatlantic rather than 
European partners whenever they conduct research at the technological frontier. On the 
contrary, intra-European partnerships seem to be used by French firms to share costs 
rather than access specific R&D resources. That is, the main drivers of international 
cooperation seem to differ for intra- and extra-European cases. Further, as Arvanitis 
(2012) found, resource motives seem to enhance innovation performance more strongly 
than cost-oriented motives (such as saving R&D costs). Thus it is straightforward that 
the impact of extra-European cooperation on innovation can be larger than that of 
national or European cooperation. 
 
A second explanation of the different impact between intra- and extra-European 
cooperation may be found on the idea given by Lavie and Miller (2008) that the benefits 
and costs of cooperating in international contexts may vary according to the level of 
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internationalization. Indeed, as commented above, international cooperation may 
provide new sources of attractive technologies and resources that are in short supply in 
the firm’s home country, giving unique opportunities that domestic partners may not be 
able to offer. However, the national differences between the local firm and its foreign 
partner can also imply barriers to efficient resource exchange. These benefits and costs 
of cooperating in international contexts may vary according to the level of 
internationalization. Given the economic, social and institutional similarity between 
European firms, the resources and skills that can be gained thanks to cooperation 
agreements among them do not differ dramatically from those with domestic partners. 
However, at this low level of internationalization, the notion of psychic distance 
paradox may take place (O’Grady and Lane 1996). That is, instead of identifying and 
understanding subtle but existing national differences with partners from other countries 
in Europe, a firm deciding to collaborate with a European partner may tend to 
implement managerial methods used when cooperating with national partners under the 
belief that these methods will also be applicable. In Lavie and Miller’s (2008) words:  
Perceived similarities between the firm’s home country and proximate 
countries reduce managers’ uncertainty about the nature of the foreign 
environment and thus lead them to believe that conducting business in 
these countries would be relatively easy. Consequently, managers pay 
limited attention to latent yet critical national differences, which 
hinders their ability to fully understand the foreign countries from 
which their partners originate (p. 626).  
In sum, although cooperating with European partners may imply benefits for innovative 
output, the benefits are not as high as in the case of more distant partners and, more 
importantly for the Spanish case, they seem not to surpass the costs of cooperating in an 
international context. In contrast, having non-European partners, despite the high costs 
involved, gives firms access to non-redundant ties that provide access to new 
information and resources that are sufficiently distinctive from the firm’s local 
knowledge base.  
 
In any case, in relation to the impact of European cooperation, it should be taken into 
account that only around 4% of the firms in our sample cooperate exclusively with 
European partners (see Table 2). In most cases, those firms that cooperate with Europe 
also carry out some other type of cooperation (for instance, more than 17% of firms 
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cooperate simultaneously with European and national partners). And in those cases of 
multiple cooperation, as we will see in next subsection, firms obtain a positive impact 
which is of a higher magnitude that cooperating with national partners exclusively. 
Therefore, the non-significant parameter of European cooperation should be mitigated, 
when having these figures in mind. 
 
In Column 4 of Table 3, we observe that among firms with extra-European cooperative 
agreements, it is not only those linked with the US exclusively, but also with 
Asian/other partners that positively influence the innovative performance of Spanish 
firms, although it is of a higher magnitude for the US case. Firms with all kind of extra-
European partners benefit from the higher difference in cultural, social, institutional and 
economic background of such collaborations. However, when cooperating with US 
firms, national and cultural differences are important but not as excessive as with Asia, 
so that firms can manage this internationalization by identifying and following 
opportunities. The firm and the US partners can communicate and engage in effective 
collaboration due to this cultural and social compatibility. In contrast, in the case of 
Asian or other partners, substantial national and cultural dissimilarities may imply an 
increase of the costs of cooperation. In any case, in light of the results, the benefits of 
such collaboration still far surpass the costs involved, yielding very fruitful relations for 
the generation of innovation. 
 
4.2 Innovation performance and the diversity of research alliances 
 
We account now for the fact the firms can establish relationships simultaneously with 
partners from different geographical areas. In Column 2 (Table 3), the Multiple variable 
indicates that firms have at least one national and one international partner, whereas in 
Columns 3 and 4, it implies that firms cooperate with at least two of the partnership 
categories in the respective estimation. Firms in the Multiple category do not cooperate 
exclusively with one geographical area, and the variable is therefore capturing the effect 
of geographical heterogeneity of the network. According to the results, it seems that in 
the Spanish case, establishing research collaboration agreements simultaneously with 
partners established in different geographical zones influences positively and 
significantly the firm’s innovative performance. However, this diversity of partnership 
only leads to better innovation performance than that of innovating firms cooperating 
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exclusively with national or exclusively with European partners. This suggests that 
collaborating with partners from several areas enhances innovation due to the amount 
and variety of knowledge to be shared, leading to more synergies and intake of 
complementary knowledge. Still, this effect is mainly due to the international nature of 
the collaboration agreements and thus, the access to non-local, non-redundant ties to 
achieve access to novel information, and not simply to their geographical diversity. This 
finding can be related to fact that while on the one hand, diversity facilitates learning 
and innovativeness, on the other hand, each firm has a certain management capacity to 
handle such diversity.  A greater geographical diversity involves increased management 
costs and risk, resulting in lower benefits (Duysters and Lokshin 2011). In turn, it seems 
that firms may reach a point after which marginal costs of managing more complex and 
heterogeneous networks are higher than the expected benefits from this increased 
heterogeneity. In any case, maintaining multiple partners enables firms to fill out their 
initial resources and skill endowments which definitely contribute to innovation 
performance in the Spanish case.  
 
4.3 Geographical dimension in research cooperation and absorptive capacity  
 
We now turn to the analysis of the role of firms’ absorptive capacity in managing 
external knowledge flows derived from research alliances. Recall that, as argued by the 
economic literature, knowledge is absorbed more easily by firms that already have a 
relatively large pool of knowledge. Thus, the benefits of cooperation are not automatic 
but instead depend on the extent to which organizations can actively mobilize the 
potential capacity to acquire and assimilate new knowledge and the realized capacity to 
transform and exploit the new knowledge (Zahra and George 2002). Hence, we 
hypothesize that those firms with large absorptive capacity, measured here as the share 
of R&D expenditures, obtain an innovation premium from alliances with other partners. 
The question is whether this premium is higher in the case of international alliances 
than for national ones. We account for this role of R&D by including interactions 
between R&D expenditures and the cooperation variables among the right hand side 
variables of our model. The direction and significance of the parameters of the cross-
terms will indicate the extent to which firms’ absorptive capacity is important to make 
the most of external knowledge flows conveyed by cooperation networks.  
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The results provided in Table 4 are broadly supportive of the general hypothesis above. 
The interaction term between R&D and the national cooperation variable is positive and 
significant at 10% level, whereas the estimated interaction with the international one is 
also positive and significant but now at 1% level. This evidence provides support to the 
proposition on the role of absorptive capacity in the assimilation of incoming 
knowledge flows stemming from cooperation. Firms with high absorptive capacity are 
more able to translate external knowledge coming from cooperative agreements into 
new, specific commercial applications more efficiently than in the absence of this 
feature. However, firms’ absorptive capacity is especially efficient when the partner is 
from an international context, probably due to the fact that such absorptive capacity 
gives them the ability to understand and assimilate better the knowledge that comes 
from other national systems of innovation. A firm can learn more from its foreign 
partners, with their different cultures and environments and, therefore, different 
resources, values, norms, and beliefs. If the organization possesses the potential 
capacity to acquire and assimilate such new knowledge, the benefit from this 
international cooperation increases. 
 
[Insert Table 4 around here] 
 
Interestingly enough, when we go deeper in the disaggregation of the international area, 
(see columns 2 and 3, Table 4), interactions between R&D and cooperation are also 
positive and significant for the European case, but are neither for the US or the rest of 
the world. At first glance there is no clear explanation, but a closer look at the data for 
the measure of absorptive capacity, which is the share of internal R&D expenditure over 
sales, provides some insight. In the case of cooperating firms, the average value is 12%, 
whereas it is 4% for those cooperating exclusively within Europe and 14% in the case of 
doing it exclusively with US firms. In other words, absorptive capacity is lower for 
firms cooperating in Europe, if compared with the average cooperative firm. These data, 
together with the non-significant parameter of European alliances, could lead us to think 
that although cooperating with European partners may imply benefits, they do not 
surpass the costs of this international cooperation, probably because the average firm 
cooperating in this context presents a relatively low average capacity. However, when 
the firm has sufficient absorptive capacity to reduce the barriers posed by the national 
differences, then the firms extract an innovation benefit from such alliances. On the 
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contrary, firms that cooperate with US partners have, on average, a high absorptive. 
Therefore, the representative Spanish firm cooperating with US partners already obtains 
a significant and high innovative premium from such cooperation agreements, so that a 
larger absorptive capacity does not signify an innovation premium. Most of those firms 
already have the capability to understand and exploit the non-redundant knowledge, 
information, and resources that can be provided by extra-European partners, so that an 
increase in this capacity does not make a difference. All in all, these results would point 
to the existence of a threshold R&D level for firms to absorb external knowledge. 
Innovative performance would increase with R&D intensity when the level of R&D is 
very low (as in our intra-European cooperation case) until it reaches an intermediary 
intensity where increments of R&D would not make a difference (extra-European 
cooperation).  
 
As a robustness check to study the stability and significance of the estimated parameters 
and the results encountered so far with respect to the impact of cooperation, we 
estimated our main equation with the variable R&D computed as the proportion of 
R&D employees over total employment, which has also been used in the literature as a 
measure of absorptive capacity although not as commonly as the share of expenditures 
in R&D. The coefficients and resulting conclusions are virtually unchanged. The results 
can be provided by the authors upon request. 
 
In sum, this section has provided evidence on the dual role of R&D and we have 
confirmed our third hypothesis that R&D of firms not only contributes directly to 
innovation but also helps building up firms’ absorptive capacity. This contributes to 
making innovative activities more productive, especially for firms that cooperate with 
European partners. The benefits of cooperation depend on the extent to which 
organizations possess the potential capacity to acquire and assimilate new knowledge 
and the realized capacity to transform and exploit this new knowledge. 
 
5. Conclusions 
 
This paper examines the impact of the geographical scope of research alliances on 
innovative performance. Research alliances can be seen as a vehicle for voluntary 
knowledge exchanges and in this paper we assume that partners geographically distant 
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can provide firms with non-redundant information that gives access to new information 
and therefore stimulates innovation performance. Descriptive statistics, based on our 
sample of Spanish firms, show that the proportion of international alliances with 
partners in more distant geographical areas (US, China, India and other countries), 
although lower in number if compared to research alliances with geographically closest 
partners, has increased over the period 2004-2011. This suggests that firms are 
expanding technological interaction with different and increasingly geographically 
dispersed actors.   
 
Empirical results show that maintaining collaborative agreements with partners outside 
the firm’s home country borders exerts a significant and positive effect on innovative 
performance. This impact is found to be larger than that of national collaborative 
research. By and large, this supports the idea that firms benefit from interaction with 
international partners as a way to access new technologies and the specialized and novel 
knowledge they are unable to find locally. Our findings also showed that extra-
European alliances, especially with US partners, impact on innovation more importantly 
probably due to the fact that in some sectors, the US conducts research at the 
technological frontier. Moreover, we provide evidence that in the Spanish case, 
although establishing simultaneous research collaboration agreements with partners 
located in different geographical areas positively and significantly influences the firm’s 
innovative performance, it only improves innovation performance in comparison to 
firms cooperating exclusively with national or European partners. This can be related to 
the fact that a greater geographic diversity of partners involves increased management 
costs and risks, so that the benefits may not be as high as expected. 
 
In addition, we confirm the role played by firms’ absorptive capacity in determining 
collaborative research returns. Firms that have high absorptive capacity are more 
efficient at translating external knowledge from cooperative agreements into new, 
specific commercial applications. Further, this absorptive capacity seems especially 
efficient when the partner is international, probably due to the fact that such absorptive 
capacity gives the ability to better understand and assimilate the knowledge from a 
different national system of innovation. Interestingly enough, we obtain that although 
cooperating exclusively with European partners may imply benefits, they do not seem to 
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surpass the costs of managing such international cooperation unless the firm combines it 
with a higher absorptive capacity to reduce the barriers posed by national differences.  
 
All in all, these findings lead to conclude that although knowledge and innovation are 
well recognized as critical pillars of ‘smart growth’ in Europe, the right strategies to 
help move the continent in this direction are not so obvious. According to our results, a 
pivotal element to ensure the generation of new knowledge lies in accessing external 
sources of knowledge and facilitating interactive learning and interaction in innovation. 
This knowledge flow can take place through diffusion patterns based on knowledge 
externalities, relying on informal transmission channels that are relatively bounded in 
space, but also through intentional relations such as cooperation agreements. Hence, 
from a policy perspective, these results illustrate that although R&D and human capital 
efforts are of clear importance, the degree of connectivity of agents with the outside 
world and access to global knowledge hotspots is also useful for innovative outcomes. 
Such connectivity, among other ideas, is precisely at the core of the ‘smart 
specialisation’ strategy recently launched by the European Commission (McCann and 
Ortega-Argilés 2013).  
 
This paper also shows that the benefits of research collaboration are likely to differ 
across different dimensions of the geography. According to our results, the connectivity 
gained through cooperation agreements between firms can have an important return to 
innovation performance, not only at national, but especially at the international level. 
Therefore, the promotion of distant, weak ties embracing as many actors as possible is a 
plausible and beneficial policy option from a regional perspective. The promotion of 
cooperation is therefore advisable, especially in linking inventors who are both 
geographically and economically distant. 
 
Finally, our results also align with the thinking that innovation policies which neglect 
the absorption capacity of firms and regions are problematic – or at least incomplete. 
They pinpoint that policies used in an undifferentiated manner for all kinds of firms and 
regions may be misleading.  
 
 
  
24 
 
Acknowledgements 
 
The authors acknowledge financial support from the Ministerio de Ciencia e 
Innovación, ECO2011-30260-C03-03. Erika Badillo wishes to acknowledge the 
financial support from the AGAUR (Generalitat de Catalunya) through “the grant for 
universities and research centres for the recruitment of new research personnel (FI-DGR 
2011)”. Helpful comments provided by the Encuentros de Economía Aplicada 
participants are also acknowledged (5-6 June 2014, Gran Canaria), as well as by the 
INFER Workshop in Urban and Regional Economics participants (4-5 September 2014, 
Reus).  
 
 
 
  
25 
 
References 
Acs ZJ and Audretsch DB (1988) Innovation in large and small firms: An empirical 
analysis. Am Econ Rev 78:678–690. 
Arvanitis S (2012) How do different motives for R&D cooperation affect firm 
performance? –An analysis based on Swiss micro data. J Evol Econ 22(5):981-1007. 
Arvanitis S and Bolli T (2013) A comparison of national and international innovation 
cooperation in five European countries. Rev Ind Organ 43:163–191. 
Arvanitis S, Lokshin B, Mohnen P and Wörter M (2013) Impact of external knowledge 
acquisition strategies on innovation: A comparative study based on Dutch and Swiss 
panel data. UNU-MERIT Working Papers 2013-003:1-26. 
Aschhoff B and Schmidt T (2008) Empirical evidence on the success of R&D 
cooperation --Happy together? Rev Ind Organ 33(1):41-62. 
Autant-Bernard C, Billand P, Frachisse D and Massard N (2007) Social distance versus 
spatial distance in R&D cooperation: Empirical evidence from European 
collaborations choices in micro and nanotechnologies. Pap Reg Sci 86(3):495-519. 
Barge-Gil A (2013) Open Strategies and Innovation Performance. Ind Innov 20(7):585-
610. 
Bathelt H, Malmberg A and Maskell P (2004) Clusters and knowledge: local buzz, 
global pipelines and the process of knowledge creation. Prog Hum Geog 28:31–56. 
Becker W and Dietz J (2004) R&D cooperation and innovation activities of firms –
Evidence for the German manufacturing industry. Res Policy 33:209–223. 
Belderbos R, Carree MA and Lokshin B (2004) Cooperative R&D and firm 
performance. Res Policy 33(10):1477-1492. 
Belderbos R, Carree M and Lokshin B (2006) Complementarity in R&D cooperation 
strategies. Rev Ind Organ 28(4):401–426. 
Bergman E (2009) Embedding network analysis in spatial studies of innovation. Ann 
Regional Sci 43(3):559-565. 
Boschma RA and Iammarino S (2009) Related variety, trade linkages and regional 
growth. Econ Geogr 85(3):289-311. 
Cincera M, Kempen L, van Pottelsberghe B, Veugelers R and Villegas C (2003) 
Productivity growth, R&D and the role of international collaborative agreements: 
some evidence for Belgian manufacturing companies. Brussels Economic Review 
46(3):107-140. 
Cohen WM and Levinthal DA (1989) Innovation and learning: The two faces of R&D. 
Econ J 99:569–596. 
Cohen WM and Levinthal DA (1990) Absorptive capacity: A new perspective on 
learning and innovation. Admin Sci Quart 35:128–152. 
Dachs B, Ebersberger B and Lööf H (2008) The innovative performance of foreign-
owned enterprises in small open economies. J Technol Transfer 33:393-406. 
Díaz-Díaz NL, Aguiar-Díaz I and De Saá-Pérez P (2008) Impact of foreign ownership 
on innovation. Eur Manag Rev 5:253-263. 
Döring T and Schnellenbach J (2006) What do we know about geographical knowledge 
spillovers and regional growth? A survey of the literature. Reg Stud 40(3):375-395. 
Duysters G and Lokshin B (2011) Determinants of alliance portfolio complexity and its 
effect on innovative performance of companies. J Prod Innovat Manag 28:570–585. 
Escribano A, Fosfuri A and Tribó JA (2009) Managing external knowledge flows: The 
moderating role of absorptive capacity. Res Policy 38(1):96–105. 
European Commission (2012) Guide to Research and Innovation Strategies for Smart 
Specialisations (RIS 3). Smart Specialization Platform. 
26 
 
Faems D, Van Looy B and Debackere K (2005) Interorganizational collaboration and 
innovation: Toward a portfolio approach. J Prod Innovat Manag 22(3):238–250.  
Giuliani E and Bell M (2005) The micro-determinants of meso-level learning and 
innovation: Evidence from a Chilean wine cluster. Res Policy 34(1):47–68.  
Grossman GM and Helpman E (1991) Innovation and Growth in the Global Economy. 
Cambridge, Massachusetts: MIT Press. 
Hoang HT and Rothaermel FT (2005) The effect of general and partner-specific alliance 
experience on joint R&D project performance. Acad Manage J 48(2):332-345. 
Jones GK, Lanctot JrA and Teegen HJ (2001) Determinants and performance impacts of 
external technology acquisition. J Bus Venturing 16(3):255–283. 
Klomp L and van Leeuwen (2001) Linking innovation and firm performance: a new 
approach. Int J Econ Bus 8(3):343-364. 
Laursen K and Salter A (2006) Open for innovation: The role of openness in explaining 
innovation performance among UK manufacturing firms. Strategic Manage J 
27(2):131–150. 
Lavie D and Miller SR (2008) Alliance portfolio internationalization and firm 
performance. Organ Sci 19(4):623–646. 
Lööf H (2009) Multinational enterprises and innovation: Firm level evidence on 
spillover via R&D collaboration. J Evol Econ 19(1):41–71. 
Lööf H and Broström A (2008) Does knowledge diffusion between university and 
industry increase innovativeness? J Technol Transfer 33(1):73-90. 
Lucas RE (1988) On the mechanics of economic development. J Monetary Econ 
22(1):3-42.  
McCann P and Ortega-Argilés R (2013) Smart specialization, regional growth and 
applications to European Union cohesion policy. Reg Stud, 
doi:10.1080/00343404.2013.799769.   
Miotti L and Sachwald F (2003) Cooperative R&D: Why and with whom? An 
integrated framework of analysis. Res Policy 32:1481–99. 
Mohnen P, Mairesse J and Dagenais M (2006) Innovativity: a comparison across seven 
European countries. Econ Innov New Technology 15(4-5):391–413. 
Monjon S and Waelbroeck P (2003) Assessing spillovers from universities to firms: 
Evidence from French firm-level data. Int J Ind Organ 21(9):1255-1270. 
Mundlak Y (1978) On the pooling of time series and cross-sectional data. Econometrica 
46:69–86. 
Nieto MJ and Santamaría L (2007) The importance of diverse collaborative networks 
for the novelty of product innovation. Technovation 27:367–377. 
Nijman T and Verbeek M (1992) Nonresponse in panel data: the impact on estimates of 
a life cycle consumption function. J Appl Economet 7:243–257. 
OECD (2005) Oslo Manual, Guidlines for collecting and interpreting innovation. 3rd 
edition, OECD, Paris. 
O’Grady S and Lane HW (1996) The psychic distance paradox. J Int Bus Stud 
27(2):309–333. 
Owen-Smith J and Powell WW (2004) Knowledge networks as channels and conduits: 
the effects of spillovers in the Boston biotechnology community. Organ Sci 15:5–21. 
Raymond W, Mohnen P, Palm F and van der Loeff SS (2010) Persistence of innovation 
in Dutch manufacturing: is it spurious? Rev Econ Stat 92(3):495-504. 
Reis A (2001) On the welfare effects of foreign investment. J Int Econ 54(2):411-427. 
Robin S and Schubert T (2013) Cooperation with public research institutions and 
success in innovation: Evidence from France and Germany. Res Policy 42:149–166. 
27 
 
Romer PM (1986) Increasing returns and long-run growth. J Polit Econ 94(5):1002-
1037.  
Romer PM (1990) Endogenous technological change. J Polit Econ 98(5):71-102. 
Schoenmakers W and Duysters G (2006) Learning in strategic technology alliances. 
Technol Anal Strateg Manage 18(2):245–264. 
Schumpeter J (1942) Capitalism, Socialism and Democracy. New York: Harper. 
Tsai K-H (2009) Collaborative networks and product innovation performance: Toward 
a contingency perspective. Res Policy 38(5):765-778. 
Van Beers C and Zand F (2014) R&D cooperation, partner diversity, and innovation 
performance: An empirical analysis. J Prod Innovat Manag 31(2):292–312. 
Vega-Jurado J, Gutiérrez-Gracia A and Fernández-de-Lucio I (2009) Does external 
knowledge sourcing matter for innovation? Evidence from the Spanish 
manufacturing industry. Ind Corp Change 18(4):637–670. 
Veugelers R and Cassiman B (1999) Make and buy in innovation strategies: Evidence 
from Belgian manufacturing firms. Res Policy 28:63–80. 
Wooldridge JM (1995) Selection corrections for panel data models under conditional 
mean independence assumptions. J Econometrics 68:115–232. 
Wooldridge JM (2010) Econometric Analysis of Cross Section and Panel Data: Third 
Edition. Cambridge, MA: MIT Press. 
Zabel JE (1992) Estimating fixed effects and random effects with selectivity. Econ Lett 
40:269–272. 
Zahra S and George G (2002) Absorptive capability: a review, reconceptualization, and 
extension. Acad Manage Rev 27(2):185–203. 
 
  
28 
 
Tables 
 
 
Table 1. Summary statistics on the variables used in the econometric analysis 
 Mean S.D. Overall 
S.D. 
Between 
S.D. 
Within 
Dependent variables     
   Innovation (n=70,182) 0.762 0.426 0.358 0.235 
   % of total innovative sales (if innovation=1, n=53,502) 27.11 36.08 26.38 25.45 
     
Explanatory variables     
Panel A. Main equation (if innovation=1)     
   RD 0.073 0.246 0.222 0.107 
   Size 317.1 1484.3 1495.1 366.0 
   Permanent R&D 0.537 0.498 0.404 0.301 
   Foreign multinational 0.110 0.313 0.285 0.120 
   Openness  5.083 2.744 2.157 1.855 
   Demand pull  0.628 0.483 0.365 0.338 
Panel B. Selection equation  (all obs., n = 70,182)     
   Size 345.64 1533.0 1438.1 405.41 
   Cost obstacles  0.537 0.340 0.269 0.210 
   Knowledge obstacles 0.462 0.326 0.249 0.213 
   Market obstacles 0.631 0.266 0.203 0.172 
   Other obstacles 0.735 0.275 0.200 0.191 
   Market share (%) 0.570 2.287 1.998 0.987 
   Belonging to a group 0.418 0.493 0.458 0.179 
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Table 2. Percentage of cooperative firms by type of alliance 
 2005 2007 2009 2011 
% Cooperative firms over innovative firms 0.358 0.339 0.353 0.378 
     
Geographical areas of alliances (% of each category over cooperative firms) 
  National exclusively 67.76 64.20 62.53 58.18 
  International exclusively 5.12 5.25 4.32 4.46 
  National & International 27.12 30.54 33.15 37.36 
  Total 100 100 100 100 
  International alliances     
  European exclusively 79.86 71.09 75.49 69.57 
  US exclusively 3.60 7.03 6.86 6.52 
  Asian/Others exclusively 7.19 6.25 9.80 11.96 
  Multiple foreign areas (at least two) 9.35 15.63 7.84 11.96 
  Total 100 100 100 100 
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Table 3. Impact of the geographical scope of research alliances on innovation 
performance 
 (1) (2) (3) (4) 
RD 1.502*** 1.421*** 1.420*** 1.419*** 
 (0.183) (0.184) (0.184) (0.184) 
Size  -0.409*** -0.413*** -0.409*** -0.408*** 
 (0.107) (0.107) (0.107) (0.107) 
Size^2 0.032*** 0.031*** 0.030*** 0.030*** 
 (0.010) (0.010) (0.010) (0.010) 
Permanent R&D 0.444*** 0.435*** 0.434*** 0.434*** 
 (0.125) (0.125) (0.125) (0.125) 
Foreign multinational 0.061 0.084 0.087 0.091 
 (0.235) (0.235) (0.235) (0.236) 
Openness 0.069*** 0.059*** 0.058*** 0.058*** 
 (0.012) (0.012) (0.012) (0.012) 
Demand pull 0.445*** 0.444*** 0.446*** 0.447*** 
 (0.092) (0.092) (0.092) (0.093) 
Research Collaborations     
National   0.344*** 0.346*** 0.346*** 
  (0.067) (0.067) (0.067) 
International   0.946***   
  (0.242)   
European    0.422 0.423 
   (0.263) (0.263) 
extra-European   3.132***  
   (0.669)  
US    3.912*** 
    (1.028) 
Asian/Others    2.636*** 
    (0.997) 
Multiple areas  0.494*** 0.510*** 0.511*** 
  (0.086) (0.083) (0.083) 
Constant -4.532*** -4.519*** -4.524*** -4.524*** 
 (0.296) (0.295) (0.297) (0.297) 
Industry dummies Yes Yes Yes Yes 
Inverse Mills ratios Yes Yes Yes Yes 
Means-fixed effects Yes Yes Yes Yes 
Wald Test ߯ଶ ൌ95.63 ߯ଶ ൌ94.41 ߯ଶ ൌ95.33 ߯ଶ ൌ95.08 
(Selection) P-val=0.000 P-val=0.000 P-val=0.000 P-val=0.000
Wald Test ߯ଶ ൌ410.23 ߯ଶ ൌ392.87 ߯ଶ ൌ391.97 ߯ଶ ൌ391.94 
(Means-fixed effects) P-val=0.000 P-val=0.000 P-val=0.000 P-val=0.000
R-squared 0.095 0.096 0.096 0.096 
Observations 35,865 35,865 35,865 35,865 
Bootstrapped standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
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Table 4. Impact of the geographical scope of research alliances on innovation 
performance: The role of absorptive capacity 
 (1) (2) (3) 
RD 0.796*** 0.805*** 0.805*** 
 (0.287) (0.288) (0.287) 
Size  -0.432*** -0.428*** -0.428*** 
 (0.107) (0.107) (0.108) 
Size^2 0.032*** 0.032*** 0.032*** 
 (0.010) (0.010) (0.010) 
Permanent R&D 0.448*** 0.446*** 0.446*** 
 (0.126) (0.126) (0.125) 
Foreign multinational 0.081 0.084 0.088 
 (0.235) (0.235) (0.236) 
Openness 0.059*** 0.058*** 0.058*** 
 (0.012) (0.012) (0.012) 
Demand pull 0.442*** 0.445*** 0.446*** 
 (0.092) (0.092) (0.093) 
Research Collaborations    
National 0.303*** 0.305*** 0.305*** 
 (0.070) (0.070) (0.071) 
International  0.773***   
 (0.245)   
European  0.278 0.279 
  (0.269) (0.268) 
extra-European  2.876***  
  (0.723)  
US   3.551*** 
   (1.126) 
Asian/Others   2.577** 
   (1.219) 
Multiple areas 0.399*** 0.416*** 0.417*** 
 (0.088) (0.087) (0.087) 
National * RD 0.753* 0.750* 0.750* 
 (0.396) (0.396) (0.396) 
International * RD 3.200***   
 (1.042)   
European * RD  2.908* 2.907* 
  (1.568) (1.569) 
extra-European * RD  4.150  
  (5.138)  
US * RD   3.935 
   (6.744) 
Asian/Others * RD   1.231 
   (19.053) 
Multiple areas * RD 0.926*** 0.924*** 0.923*** 
 (0.338) (0.340) (0.340) 
Constant -4.460*** -4.464*** -4.463*** 
 (0.295) (0.296) (0.297) 
Industry dummies Yes Yes Yes 
Inverse Mills ratios Yes Yes Yes 
Means-fixed effects Yes Yes Yes 
Wald Test ߯ଶ ൌ94.11 ߯ଶ ൌ95.12 ߯ଶ ൌ95.15 
(Selection) P-val=0.000 P-val=0.000 P-val=0.000 
Wald Test ߯ଶ ൌ394.96 ߯ଶ ൌ393.69 ߯ଶ ൌ393.49 
(Means-fixed effects) P-val=0.000 P-val=0.000 P-val=0.000 
R-squared 0.096 0.097 0.097 
Observations 35,865 35,865 35,865 
Bootstrapped standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
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Appendix 
 
Table A1. Definition of the variables included in the empirical analysis  
Variables Definition 
Dependent 
Innovation 1  if the firm develop or introduced new or improved products or processes into the market; 0 otherwise 
Innovation sales Sales share of new or significantly improved products (log[new sales/(1-new sales)]) 
Independent 
RD Ratio between intramural R&D expenditure and turnover 
Size Logarithm of number of employees (and its squared term) 
Permanent R&D 1 if the firm reported that it performed internal R&D continuously; 0 otherwise 
Foreign multinational 1 if the headquarter of the firm is outside Spain and it has at least a 50% of foreign capital; 0 otherwise 
Openness 
Number of information sources for innovations that a firm reported it had used (from within the firm or group, 
suppliers, clients, competitors, private R&D institutions, conferences, scientific reviews or professional 
associations)  
Demand pull 
1 if at least one of the following demand-enhancing objectives for the firm’s innovations is given the highest 
score [number between 1 (not important) and 4 (very important)]; 0 otherwise: extend product range; increase 
market or market share; improve quality in goods and services 
National 1 if the firm reported engagement in collaborative agreements exclusively with partners located in Spain; 0 otherwise 
International 1 if the firm reported engagement in collaborative agreements exclusively with partners located outside Spain; 0 otherwise 
European 1 if the firm reported engagement in collaborative agreements exclusively with partners located in the rest of Europe; 0 otherwise 
extra-European 1 if the firm reported engagement in collaborative agreements exclusively with partners located in the US, China, India and other countries (not Spain, not the rest of Europe); 0 otherwise  
US 1 if the firm reported engagement in collaborative agreements exclusively with partners located in the US; 0 otherwise 
Asian/Others 1 if the firm reported engagement in collaborative agreements exclusively with partners located in China, India and other countries (not Spain, not the rest of Europe, not the US); 0 otherwise  
Multiple areas 1 if the firm reported engagement in collaborative agreements with partners located in more than one area; 0 otherwise 
Cost obstacles 
Sum of the scores of importance that the firm attributed [number between 1 (not important) and 4 (very 
important)] to the following factors that hampered its innovation activities: lack of funds within the enterprise 
or enterprise group; lack of finance from sources outside the enterprise; innovation costs too high. Rescaled 
from 0 (unimportant) to 1 (crucial) 
Knowledge obstacles 
Sum of the scores of importance that the firm attributed [number between 1 (not important) and 4 (very 
important)] to the following factors that hampered its innovation activities: lack of qualified personnel; lack of 
information on technology; lack of information on markets; difficulty in finding cooperation partners for 
innovation. Rescaled from 0 (unimportant) to 1 (crucial) 
Market obstacles 
Sum of the scores of importance that the firm attributed [number between 1 (not important) and 4 (very 
important)] to the following factors that hampered its innovation activities: markets dominated by established 
enterprises; uncertain demand for innovative goods or services. Rescaled from 0 (unimportant) to 1 (crucial) 
Other obstacles 
Sum of the scores of importance that the firm attributed [number between 1 (not important) and 4 (very 
important)] to the following factors that hampered its innovation activities: not necessary due to previous 
innovations; not necessary due to the absence of demand. Rescaled from 0 (unimportant) to 1 (crucial) 
Market share Ratio of the sales of a firm over the total sales of the two-digit industry it belongs to 
Belonging to a group 1 if the firm belongs to a group of enterprises; 0 otherwise 
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Table A2. Correlation matrix of variables used in the second stage 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1 RD 1 
2 Size -0.146 1 
3 Permanent R&D 0.219 0.013 1 
4 Foreign multinational -0.077 0.281 -0.003 1 
5 Openness 0.127 0.050 0.335 -0.021 1 
6 Demand pull 0.066 -0.029 0.264 -0.013 0.318 1 
7 National 0.031 0.002 0.080 -0.098 0.113 0.064 1 
8 International  -0.010 0.047 0.024 0.120 0.008 0.011 -0.071 1 
9 European -0.012 0.038 0.015 0.111 0.003 0.015 -0.061 0.865 1 
10 extra-European -0.002 0.021 0.013 0.019 0.004 -0.012 -0.027 0.381 -0.006 1 
11 US 0.003 0.024 0.005 0.014 0.005 -0.015 -0.017 0.239 -0.004 0.629 1 
12 Asian/Others -0.005 0.008 0.013 0.014 0.002 -0.004 -0.021 0.293 -0.004 0.770 -0.001 1 
13 Multiple areas 0.205 0.151 0.225 0.113 0.212 0.129 -0.202 -0.008 -0.043 -0.017 -0.012 -0.015 1 
14 National * RD 0.267 -0.160 0.172 -0.074 0.116 0.084 0.502 -0.036 -0.031 -0.014 -0.009 -0.010 -0.101 1 
15 International * RD 0.044 -0.028 0.049 0.022 0.022 0.009 -0.036 0.502 0.377 0.294 0.148 0.260 -0.001 -0.018 1 
16 European * RD 0.035 -0.022 0.043 0.031 0.015 0.015 -0.032 0.451 0.522 -0.003 -0.002 -0.002 -0.023 -0.016 0.726 1 
17 extra-European * RD 0.017 -0.012 0.021 -0.004 0.011 -0.008 -0.014 0.192 -0.003 0.504 0.255 0.446 -0.010 -0.007 0.587 -0.002 1 
18 US * RD 0.031 -0.009 0.013 -0.001 0.012 -0.007 -0.009 0.121 -0.002 0.316 0.503 -0.001 -0.006 -0.004 0.298 -0.001 0.507 1 
19 Asian/Others * RD 0.002 -0.009 0.016 -0.004 0.006 -0.005 -0.011 0.152 -0.002 0.399 -0.001 0.518 -0.008 -0.005 0.506 -0.001 0.862 0.000 1 
20 Multiple areas * RD 0.513 -0.034 0.180 -0.021 0.152 0.088 -0.117 -0.015 -0.025 -0.011 -0.007 -0.009 0.580 -0.059 0.014 -0.013 -0.006 -0.004 -0.004 1 
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Table A3. Estimates of the first stage: selection equations 
 T=2006 T=2007 T=2008 T=2009 T=2010 T=2011 
Size 0.014 0.062 0.067 0.117* 0.036 0.077 
 (0.069) (0.067) (0.064) (0.069) (0.067) (0.065) 
Size^2 0.002 -0.006 -0.004 -0.007 0.002 0.001 
 (0.007) (0.007) (0.006) (0.007) (0.007) (0.006) 
Cost obstacles 0.353*** 0.520*** 0.594*** 0.509*** 0.573*** 0.417*** 
 (0.073) (0.069) (0.069) (0.073) (0.071) (0.065) 
Market obstacles 0.540*** 0.332*** 0.178** 0.318*** 0.415*** 0.358*** 
 (0.077) (0.071) (0.071) (0.075) (0.074) (0.069) 
Knowledge obstacles 0.235** 0.363*** 0.412*** 0.536*** 0.289*** 0.415*** 
 (0.098) (0.092) (0.091) (0.096) (0.096) (0.089) 
Other obstacles -1.152*** -1.243*** -1.211*** -1.210*** -1.218*** -1.231*** 
 (0.064) (0.062) (0.061) (0.063) (0.064) (0.062) 
Market share 1.039 0.710 2.736** 4.695*** 2.886** 2.451** 
 (0.891) (1.035) (1.088) (1.267) (1.183) (1.006) 
Belonging to a group 0.189*** 0.165*** 0.212*** 0.184*** 0.198*** 0.219*** 
 (0.041) (0.040) (0.039) (0.041) (0.041) (0.039) 
Constant 0.468*** 0.605*** 0.470*** 0.194 0.389** -0.108 
 (0.179) (0.173) (0.166) (0.178) (0.178) (0.169) 
Industry dummies Yes Yes Yes Yes Yes Yes 
Observations 7764 8858 8805 8308 8065 7704 
Log L -3315.806 -3566.012 -3699.859 -3396.220 -3310.735 -3790.015 
Pseudo R2 0.235 0.240 0.229 0.236 0.237 0.198 
Standard errors in parentheses   *** p<0.01, ** p<0.05, * p<0.1 
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